Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. Three hundred sixty-eight geologic maps of 7'/,-minute quadrangles in Tennessee were converted to geographic information system (GIS) coverages. The procedure used was documented and a list was made of the quadrangles included in the coverages. Maps were converted to GIS coverages by making film copies of scribecoats of the maps. The film copies were scanned, vectorized, and written into a generate format. Coverage polygons were tagged with symbols to identify geologic units, and coverage lines were tagged with line types to designate stratigraphic contacts.
INTRODUCTION
Geologic coverages available to geographic information system (GIS) users typically have been made from 1:250,000-scale base maps. Maps at this scale provide insufficient resolution of detail needed for hydrogeologic and other studies of areas that are less than regional in scope. Studies of these smaller areas often require the more detailed information available on maps at a scale of 1:24,000. At present, this need is met by using geologic maps of quadrangles published at a scale of 1:24,000 by the U.S. Geological Survey (USGS) and the Tennessee Division of Geology. However, the use of paper copies of geologic maps to produce derivative maps is inefficient; in contrast, this task is handled quickly and efficiently with GIS technology. Therefore, the USGS, in cooperation with the Tennessee Department of Environment and Conservation, the U.S. Army Corps of Engineers, the Tennessee Valley Authority, and the U.S. Soil Conservation Service, initiated a project during spring 1990, to convert information on the 7'/,-minute geologic quadragle maps to digital files that can be accessed with different types of GIS software.
Tennessee is divided into 811 quadrangles at.a scale of 1:24,000. Of the 412 quadrangles for which geologic maps have been published by the USGS or the Tennessee Division of Geology (1992) , maps for 368 quadrangles were converted to GIS coverages using ARC/INFO (Environmental Systems Research Institute, 1992) programs. This report describes the procedure used to convert the maps and lists the quadrangle names.
Many persons were involved in the project. The authors especially express their appreciation to Elaine Foust of the Tennessee Division of Geology for assistance in acquiring the scribecoats and resolving questions concerning interpretation of the maps. The authors also extend their thanks to the 10 cooperative education students and USGS employees whose efforts contributed immeasurably to the completion of the project.
Introduction 1
Scribecoats for 342 of the 371 geologic maps prepared by the Tennessee Division of Geology and printed by the Tennessee Valley Authority (TVA) were,retrieved from TVA archives. Scribecoats also were obtained for 26 of the 36 geologic maps prepared by the USGS. Maps for some of the quadrangles on the borders of the State were combined with adjacent quadrangles (Tennessee Division of Geology, 1992) . After filming the scribecoats, the film copies were converted to coverages.
Procedure
Film copies of the maps were scanned using a Contex FSS3012 full-scale scanner and converted to Hatachi raster format with CADImage software. The raster file was vector&d with CADCore software installed on a 386 personal computer. After vectorization, the drawing file was converted to an ARC/INFO generate-format file (Environmental Systems Research Institute, 1992 ) and transferred to a Data General (DG) workstation for conversion to an ARC/INFO coverage.
ARC/INFO loaded on DG Avion 300 workstations was used for conversion to digital data. The generate-format file was converted to an ARC/INFO GIS coverage and moved to ARCEDIT to remove dangling nodes so polygons could be completed. Tick marks were added and positioned so that their locations corresponded to the corners of the 7'/,-minute quadrangle maps. Tick marks from a quadrangle coverage of Tennessee in State Plane (SP) projection were used to transform the geologic coverage into SP projection. The projection parameters were (1) zone, 5301; (2) units, feet; and (3) datum, nad27. If the projection root mean square error was greater than 20 feet, the transformed coverage was reviewed for error. Larger errors generally were associated only with the older maps. For a final test of shape and agreement in location, the quadrangle boundary was retrieved from the corresponding SP quadrangle coverage and overlain with the transformed geologic coverage. If the boundaries matched, the geologic coverage was ready for cleanup and tagging. The transformed geologic coverage boundary was replaced with the boundary from the corresponding 7'/,-minute quadrangle coverage to ensure sliver polygons would not occur between the geologic coverages when appended along their common boundaries. Dangling arcs resulting from the boundary replacement were extended into the new boundary and dangling arcs outside the new boundary were removed. Pseudo nodes were removed from the arcs in order for new pseudo nodes to be added at locations along a line where a geologic contact changed. As a final step in this phase, label points were added to allow for tagging of the polygons.
Both the lines and the polygons were tagged for each geologic coverage. The lines were tagged as contacts, faults, or boundaries. The contacts were tagged as OUTCROP or APPROX to indicate the observed location or approximate location of a stratigraphic contact, respectively. The faults were tagged as FAULT or A-FAULT to indicate the observed location or approximate location of the fault, respectively. The boundaries were tagged as BOUNDARY or ST-LINE to indicate the boundary of the quadrangle or a state line. Next, the polygons were tagged with the same formation symbol as on the geologic map. For a final check, the completed geologic coverage was plotted and compared with the original published geologic map. Some of the problems that arose during the conversion were: . Only those geologic maps with a scannable scribecoat could be converted. Lake outlines were not delineated on the scribecoat of some maps; therefore, the geologic units associated with the lake outline were tagged as alluvium.
In a few instances, the geologist subdivided a formation but did not extend the subdivision to a contact boundary. In order to complete the polygons for tagging, judgments were made concerning the placement of lines to manually close the polygons.
Fault locations were grouped into one of two categories, either observed or approximate. Faults were not further categorized by type of fault.
In a few instances, stratigraphic contacts on the coverage did not exactly overlay the corresponding contacts on the published map. This may be the result of different types of projections used. Additionally, geologic maps were constructed over a period of 30 years by different geologists; consequently, stratigraphic delineation may be more detailed on some geologic quadrangles than on adjacent quadrangles, and geologic interpretation may differ between adjoining quadrangles. DATA OUTPUT GIS coverages were completed for the 368 quadrangles listed in table 1, which is sorted by row and column, and in table 2, which is sorted by quadrangle name. Locations of the quadrangles are shown in figure 1 , and an example plot of the geologic coverage for the Needmore quadrangle is shown in figure 2 . The digital data are available in two output formats: (1) ARCEXPORT format (Environmental Systems Research Institute, Inc., 1992) , which is machine independent, but requires ARC/INFO software, and (2) Standard Digital Line Graph format (U.S. Geological Survey, 1989), which is machine and software independent. Table 2  21 
